per 



INTEUECTUAL PROPERTY ORGANIZATION 
IntemaUoiial Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENfT COOPERATTON TREATi^ (PCT) 



(51) International mteot Qassification ^ 
A61M 1/00, 1/14 



Al 



(n)Ittteniational Publication Naml>er: 
(43) International Publication Date: 



WO 92/11878 

23 July 1992(23.0192) 



(21) Inteniational Application Number: PCT/DK91 /00407 

(22) Internationa] nUng Date: 30 December 1991 (30.12.91) 



(30) Priority data: 
0006/91 



3 Januaiy 1991 (03.01.91) DK 



(71X72) AppUcants and Inventors: PEDERSEN, Robert, Smith 
IDK/DKJ; Kleverengen 10, DK-6720 Fano (DK). AUN- 
SHOLT, Niels, Aage [DK/DK]; Februarvej 36. DK-82I0 
Hasle (DK). LYKKE, Borge, Nielsen [DK/DK]; Gnim. 
stolsvej 1. DK.8270 Hojbjeig (DK). 

(74) Agent; K. SKOTTJENSEN PATENTINGENI0RER A/ 
S; Lemmingvcj 225, DK-8361 Hasselager (DK). 



(54)^16: HEMODIALYSIS APPARATUS 



(81) Designated States: AT, AT (European patent), AU. BB, BE 
(European patent), BF (OAPI patent), BG. BJ (OAPI 

f^H W^n^^ ^^^^ P^^^"^)» (OAPI patent), 
/Sfi'm " (European patent), CI (OAPI patent). CM 
M (European patent) DK, 

DK (European patent), ES. ES (European patent), FI 
FR (European patent), GA (OAPI patent), GB, GB (Eul 
rofwan patent) ON (OAPI patent), GR (European pa- 
^^^P/J^^* (European patent), JP, KP, KR, LK. LU, 
.Til^nT^'^P^^'! R^^^"^^' (European patent), MG, ML 
(OAPI patent), MN. MR (OAPI patent), MW, NL NL 
(European patent), NO, PL. RO, RU ,SD, SE, SE (Eu- 

yjP^oA^nf""*^' ^1^/2^" TD (OAPI patent). 

TG (OAPI patent), US. ' 



Published 

Wiih international search report. 

In English translation (filed in Danish). 




(57) Abstract 

outIet,tnS?Bm ^"^'^ ^'^"^ ^'""^ ^ ^"^^ ^^^"^ catheter/cannula 

Sp (9? aSSst one^^^^ r'"'"' — '"^ catheter/cannula inlet, a blood flow path with a blood 

n p2h anTfuX^ for momtonng the blood pressure, at least one air detector (7) for detecting air in the 

an^.t nflcl f^^^ ^ ^^nty ot filtration means (14) for the blood from the blood inlet (BA) to the apparatus, and 

i a knowS tnS'^^^^^^^^^^ °^ov ^^''"^'^ ^^^'^ filtration means and a receiier (DM) for the dia^sate. 

no f Hhirh Tfnrf^^^^^ blood pump (9) IS mfinitely variable, while in the dialysis path there is at least one dialysis pump 

d^; voS f '"P.^?^? P^^'P '"«"^t^d P^rfo™ * predeterJned^wit^ 

nl^i . n~l? 1- ^ I ^^"^ ^"t^fi"^* ^^^"^y ^r fiJtr^tion means (14). TTie other dialysis pump (1 1) is adjusted to 
perfonnapredetennmed volume rate 0^ 



FOR THE PURPOSES OF INFORMATION ONLY 

C6des used to idenlify Slates party to ihe PCI' on the front pages of pamphlets publishing IntcrnationaJ 
applications under the PCI'. 



AT 


Auklri.1 


ES 


l-ifilanil 


MG 


Madagascar 


AU 


Auktidliii 


Ft 


ML 


MaU 


BB 


ESarlknim 


FR 


l-raiicc 


MN 


Mongplia 


BE 


Belgium 


CA 


Gabun 


MR 


Mauritania 


BF 


Burkina Hibci 


CB 


Uiitlut KlneMum 


MW 


Malawi 


BG 


Biilf'jrra 


CN 


Guinea 


NL 


Netherlands 


BJ 


Buniii 


GR 


Grcixc 


NO 


Norway 


BR 


Bra/il 


HU 


Hungary 


PL 


Poland 


CA 


Cuttittiit 


IT 


luu> 


RO 


Romania 


CF 


(«iUrul Afrtcafi KciNibln; 


JP 


Jupan 


RU 


Ruiisian Federation 


CG 


Congo 


KP 


[Icniocrulic People's Kcpublk 


SD 


Sudan 


CH 


Swii/crlunJ 




of Korea 


SE 


Sweden 


CI 


Ct\c d'lvotrc 


KR 


Republic or Korea 


SN 


Senegal 


CM 


(amcrutiii 


LI 


1 leclitemlcin 


SU 


Soviet Union 


CS 


tVci:liiht(»aljii 


ij: 


Sri l^nLa 


TO 


{*had 


OE 


IfcriiMny 


LU 


1 ukembobrs 


TC 




DK 




MC 


Munau> 


US 


United States of America 



wo 92/11878 



1 



LCT/DK91/00407 



HEMODIALYSIS APPARATUS 

The present invention relates to a hemodialyzer 
apparatus comprising an inlet for blood from an arterial 
outlet, such as an arterial cannula outlet, an outlet 
for treated blood to a venous inlet, such as a venous 
cannula inlet, a blood flow path with a blood pump, at 
least one pressure gauge for monitoring the blood pres- 
sure, at least one air detector for detecting air in the 
blood flow path and further comprising an artificial 
kidney or filtration device, such as a filter column 
comprising at least one filter for passage of liquid, 
plasma or other substance from the blood supplied to the 
apparatus via the blood inlet, and at least one dialy- 
sate channel connected to the dialysate outlet of the 
artificial kidney or filtration device and a receptacle 
for the dialysate. 

A hemodialyzer apparatus of this art is known and 
is used in hospitals for cleaning of and nourishment 
supply to the patients blood. 

However, it presents a problem that the known ap- 
paratus are rather space consuming, and to have a rea- 
sonable utilization the pumps are allowed to work with 
so high output per time unit, that a treatment of a 
patient, whose blood should be cleansed e.g. due to 
insufficient function of the kidneys is executed within 
the range of 5 hours for an adult patient. The patient 
shall often have such treatment repeated every other or 
every third day. Furthermore in connection with the 
treatments dialysate supply is used, which is based on 
water; commonly water from the local water supply which 
initially has undergone a water treatment and afterwards 
added different suitable electrolytes and/ or physiologi- 
cal substances or mixtures, which should be added to the 
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patient's blood. Such water treatment plants are often 
large and expensive. 

However, it is a purpose to provide a hemodialyzer 
apparatus, which is distinguished by to be inexpensive 
and further transportable in a convenient manner, such 
that it can be used at a patient's bed and relatively 
easily can be transported together with this and the 
patient to different sections in a hospital. 

It turns out that said task in a surprisingly 
simple manner can be fulfilled according to the inven- 
tion by the blood pump in a manner per se being arranged 
infinitely variable, and by the dialysis channel having 
at least one dialysis pump, arranged infinitely vari- 
able. This solution implies a large number of advan- 
tages, individually as well as in combination. 

By means of the apparatus according to the inven- 
tion it has thus become much easier to put patients 
having an extremely low pressure into dialysis treatment 
which occurs in certain cases in intensive care wards, 
and where it is also desirable to let the dialysis 
treatment continue round the clock. For this purpose the 
pump outlet shall of course be approximately five times 
lower per time unit than by the hitherto known dialyzer 
apparatus. For round-the-clock treatment of patients 
having extremely low blood pressure the pump outlet must 
be moderate and still exactly adjustable. 

By an apparatus for a 24-hour treatment or more the 
blood pump should have an outlet up to approximately 20 
1 per hour, i.e. adjustable almost from zero to approxi- 
mately 20 1 per hour, said adjustment is known and could 
be achieved by known stepless variable blood pumps, 
which could be of different kinds,, i.e. tube pumps as 
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well as e.g. diaphragm pumps. 

The outlet of the dialysis pump or pumps should, 
however, be considerably less, namely less than a tenth 
of the outlet of the blood pump, and to achieve an ac- 
curate withdrawal of plasma, liquid or another substance 
from the blood through the artificial kidney or a fil- 
tration device, the adjustability must be adequate. 
This, surprisingly enough, can be achieved by a stepwise 
adjustment of the pump outlet. It must be taken into 
consideration, that the blood presstire in certain situa- 
tions can be extremely low, as low as approximately 20 
mm Hg must be foreseen, it is easily recognized that the 
stepwise adjustment should be possible down to steps in 
the range of 1 ml per hour and with outlet of the dia- 
lysis pump from 0 to 2000 ml per hour. According to 
experience it can be necessary to arrange the pumps 
with a tachometer, which generates a return signal to 
the pump controlling devices and for that purpose is 
arranged on a shaft of the dialysis pvimp. 

A hemodialyzer apparatus might also be used in the 
treatment of children. In such cases it is an advantage 
that the pump be arranged entirely or partly inter- 
changeable or changeable between e.g. two ptimp outlets. 

It should be noted, that from patients in e.g. 
intensive care it is usual to take dialysate samples 
during dialysis treatment, i.e. samples taken are 
examined, such that the quantity of waste substances are 
known. The result is used for comparative reasons in the 
dialyzer apparatus, if it is equipped with a micropro- 
cessor or computer for controlling and monitoring. Ad- 
justments of the dialyzer apparatus are made in ac- 
cordance with the results of said dialysis samples. 
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It appears that the appeiratus according to the 
invention can be designed with small dimensions, and 
further that ready made dialysate preparations in 
plastic bags can be used with advantage, whereby the 
desired transportability of the dialyzer apparatus is 
achievable and not requiring a hospital having a water 
treatment plant. The apparatus can also be used at the 
site of a catastrophe for first aid treatment of 
patients having kidney failure. 

Structurally, according to the invention it is 
advantageous to provide designs which are characterized 
in that there are two dialysis pumps in the dialysis 
channel, arranged infinitely variable, the pump speed of 
the first ptimp is adjusted to present a predetermined 
draw volume per time unit from the outlet of the arti- 
ficial kidney or filtration device, and the other dia- 
lysis pump is adjusted to supply a predetermined volume 
per time unit of fresh or cleansed dialysate to the 
dialysis inlet of the artificial kidney or filtration 
device for supply of dialysate to the passing blood. 

Here, especially the embodiment is advantageous, 
when e.g. plastic bags are used for receiving of the 
dialysate from the apparatus and with ready made dia- 
lysate preparations ready to be supplied by the ap- 
paratus to a patient's vein, and the apparatus is char- 
acterized in that the dialysate from the first dialysis 
pump is conveyed to a receptacle, such as a receptacle 
made of plastic sheeting, connected with a weighing 
mechanism for weighing of the dialysate quantity, and 
that fresh or cleansed dialysate from a storage recept- 
acle, such as a storage bag of plastic sheeting and 
filled with the dialysate, also connected with a weigh- 
ing mechanism, via the other dialysis pump the output of 
which is adjusted determined by the two changing quan- 
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titles - one reducing the other raising - being kept 
equal per time unit. 

It appears that the embodiments according to the 
invention easily are modified to further applications of 
different, but obvious art, and an easy and fast switch 
is possible. According to the invention such embodiments 
are partly characterized in that the artificial kidney 
or filtration device is provided with filter for plasma- 
forese and/ or plasma replacement, and that the other 
dialysis pump is adjusted synchronously with the first 
dialysis pump, and partly that the artificial kidney or 
filtration device has one for the purpose suitable, such 
as plasmaforese filtration providing, filter member, and 
that the first dialysis pump supplies dialysate to an 
adsorption providing, such as immune adsorption provid- 
ing, such as antibodies and cholesterol removing, filter 
member, from the outlet of the filter member the 
treated, possible further treated, dialysate is conveyed 
to the arterial inlet of the artificial kidney or fil- 
tration device, and partly characterized in that the 
other dialysis pump is in the dialysate flow path be- 
tween the dialysate outlet of the treated, possible 
further treated dialysate and the dialysate inlet of the 
artificial kidney or filtration device, and that the two 
dialysis pumps are adjusted to work synchronously, and 
further characterized in that artificial kidney or fil- 
tration device is arranged to eliminate liquid, prefer- 
ably water drawing, from the passing blood, and that the 
dialysate via the first dialysis pump, which is adjusted 
to pass a determined liquid volume per time unit, is 
conveyed to a receptacle, such as a receptacle connected 
with a weighing mechanism for detennination of received 
liquid volume, preferably a receptacle of plastic sheet- 
ing. 
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According to the invention the hemodialyzer appara- 
tus can be safeguarded against important malfunctioning 
states, such as the presence of too much air in the 
blood path, by a shut off valve being present in the 
blood flow path, such as a tube clamp, which control- 
lingly is in connection with the air detector and is 
closed by this, when presence of an air volume is de- 
tected, above a predetermined maximim, and further 
against run out or failing fresh dialysate preparation 
thereby that weighing mechanism for the receptacle with 
preparation is arranged with an alarm device, giving 
alarm for an outlet quantity, which is below a pre- 
determined quantity, which should be conveyed to the 
dialysate flow path per time unit. 

The following advantages are achieved or can be 
achieved with dialyzer apparatus according to the inven- 
tion: 

1} Continuous hemodialysis treatment, including 
hemofiltration if necessary, which day and night removes 
residue products and liquid* 

2) Accurately adapted withdrawal of liquid and 
plasma. 

3) Possibility to dose medicines accurately. 

4) Independency of water treatment or purifying 
plants. 

5) Independency of connection to the public piower 
supply, as battery operation is possible due to low 
power consumption. 



6) Easy to transport. 
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7) Application of ready made dialysate preparation. 

8) Negligible chances of infection, as the blood 
path as well as the dialysate path are closed circula-* 
tions. 

9) Easy to switch between adult and children.' 

10) Negligible need for sterilization. 

11) Adapted to electronic controlling. 

12) Easy to switch between different kinds of 
treatments, and the apparatus is less expensive than the 
apparatus known hitherto* 

The present invention will now be described in 
detail with reference to the accompanying drawings, in 
which: 

Fig. 1 is a schematical view of an embodiment of 
the hemodialyzer apparatus according to the invention; 
and 

Fig. 2 is a block diagram showing the most 
important elements of an electronic controlling device 
for controlling the hemodialyzer apparatus according to 
the invention as shown in fig. l. 

An embodiment of a hemodialyzer apparatus according 
to the invention shown in the figures of the drawing in 
strongly stylized shape comprises a number of elements, 
which are placed in connection with an apparatus front 
plate, namely a tube pump 9, which is placed in the 
blood channel system of the apparatus, which here in 



wo 92/11878 




/DK91/(MM07 



8 



short is named the blood path of the apparatus, the tube 
pump is shown designed in a manner shown per se with one 
in a half circle internally along a half circle shaped 
wall traced tube, against which in radial direction are 
pressing along of two diametrically oppositely placed 
rolling devices, which by a drive motor is kept in rota- 
tion arouiid the center of the half circle. The speed of 
the driv6 motor is stepless variable and is controlled 
as described in the following. 

The inlet of the blood pump is connected to an 
arterial placed, e.g. cannula-, outlet BA, provided e.g. 
by catheter application and/ or cannula insertion in the 
neck of a patient, collar-bone area or at another suit- 
able connection area. The opposite end of the blood path 
of the apparatus is connected to a venous arranged, e.g. 
catheter- and/ or cannula-, blood path inlet BB. The 
inlet BB can be arranged with a cannula placed else- 
where, but in practice special cannulas are used, to 
which a blood outtake pipe ccui be connected and a blood 
inlet pipe, as said cannula has two internal channels, 
where one debouches into the side area of the cannula in 
the blood vein of the patient, while the other debouches 
into the end of the cannula. In practice it is hereby 
possible hydraulically to achieve a safe and sufficient 
separation between the blood flow in the two pipes, out 
from and into the blood circulation of a patient. 

Between the blood pump 9 and the connection end BB 
at 6 a connection for at pressure gauge* 5 is arranged, 
while 7 indicates arrangement of an air detector known 
per se, which by presence of a certain maximum quantity 
of air in the blood path gives an e.g. electrical signal 
to one at 8 shown tube clamp known per se and at receiv- 
ing the electrical signal the air detector 7 closes 
completely for the blood path by e.g. squeezing together 
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the blood path channel at 8. Furthermore an artificial 
kidney or a filtration device 14 in the blood path chan- 
nel are arranged. 

The dialysis channel outlet or dialysate outlet of 
the artificial kidney or filtration device 14 is con- 
nected to a first dialysis pump 10, which can be of the 
same type as the blood pump 9, but is arranged having in 
the range of 1/10 maximum pump yield compared with the 
pump yield of the blood pump 6, allowing up to ap- 
proximately 20 1 blood to pass per hour retracted from a 
patient as described. Accordingly the dialysis pump 10 
can suitably be arranged to let up to approximately 2 1 
dialysate pass per hour. As described in the preceding 
text the dialysis pump is driven, such that it is step- 
wise controllable in the yield area e.g. 0-2000 ml per 
hour. A step size of e.g. 1 ml is easily determined as a 
suitable value. The drive motor can e.g. be a step 
motor, the step speed of which is electronically con- 
trolled as further described in the following. 

A similar second dialysis pump is arranged at 11. 
Said two dialysis pumps are each connected to a storage 
bag made of plastic sheet. The bags are suspended in a 
lever mechanism by a lever bar 12, which during opera- 
tion of the apparatus by controlling of the second dia- 
lysis pump 11 in relation to a predetermined working 
speed for the first dialysis pump 10 and thereby con- 
trolling of the pump 11 in dependency of the changes in 
added dialysate quantity to the left bag is tried to be 
kept horizontal, such that an equal amount fresh dia- 
lysate preparation from the right bag is led to the 
artificial kidney or filtration device 14 and thereby in 
desired range via the artificial kidney or filtration 
device 14 to the blood circulation of the patient per 
time rate. 
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There is of course nothing preventing a drawing off 
of the bag contents of the left bag to a dialysate 
cleaning plant and further to the right bag during oper- 
ation, as long as the two transport quantities per time 
unit are equal. But the idea of the apparatus is the 
availability of the possibility for the supply of ready 
made dialysate preparation via the pump ii to the 
patient's blood. 

It is noticed, that the apparatus operates with 
separate passage channels in the apparatus for blood and 
dialysate. Passage between the two path systems only 
exists via the artificial kidney or via the transmission 
membrane of the filtration device. 

However the apparatus is easy to change-over for 
other applications as described in the preceding. To 
achieve a lower pump yield when the patient is a child 
e.g. another pump insertion with a different and ac- 
cordingly lower yield can easily be replaced in the pump 

housing from the front plate by opening of such a tube 

pumps inspection window. . 

At the top of the front plate of the apparatus a 
main switch 1, an alarm indicator 3 as well as a display 
2 respectively are arranged which in a text in a suit- 
able language indicates the operation condition of the 
apparatus displayed e.g. by an electronic control 
system, which is shown schematically in fig. 2 in the 
drawing. A key board 4 serves for operation of said 
control system. 

As shown in fig. 2 of the drawing the apparatus 
comprises a microprocessor UPC, controlling the two 
circulations of the apparatus, namely the dialysate path 
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and the blood path. The microprocessor UPC is controlled 
in an electronically manner known per se by the key 
board 4 and providing indication via the display 2. Via 
an analog to digital converter, digital to analog con- 
verter respectively AD/ DA the step motors are con- 
trolled, which powers the first 10 and the second dia- 
lysis pump 11. The weighing device 12, 13 generates 
state signals relating to the passing dialysate quantity 
per time unit by means of a simple weight determination 
respective by alarm at dialysate preparation deficiency. 
In practice the two pump motors will be controlled, such 
that a suitable pressure difference is kept over the 
filtration members in the artificial kidney or filtra- 
tion device 14. 

Via similar art of analog to digital converter 
respectively digital to analog signal converter the 
blood pump 6 is controlled, likewise state signals are 
received from the air detector 7, the tube clamping 
device 8 and the pressure gauge 5,6. The microprocessor 
or the computer UPC controls the mutual relations be- 
tween the electronic working components. 

The display can from said electronic working com- 
ponents easily be brought to indicate: the flow quantity 
through the pumps, the quantity of the withdrawn liquid, 
deficiency of dialysate preparation, malfunction or 
choking of the pumps as well as an alarm call at opening 
of the protection cover over the pumps, etc., occurence 
of non-permissible air quantities in the blood path, 
exceeding of pressure limits at occurence of blood coa- 
gulation in the dialyse filter and/ or tubes. In the 
latter case the blood pump could be stopped, and the 
error indicated. Furthermore inadequate (too low) volume' 
passing the first dialysis pump in relation to the 
second dialysis pump can be detected, too large liquid 
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draw and leake in the dialysate circulation can also be 
detected. 

Considering that a dialyzer apparatus must not 
break down, an applicable embodiment can be provided 
with not only one, but two microprocessors or computers 
operating independently, and where one monitors the 
controlling operations themselfs, i.e. the first cal- 
culates and controls the pump speed and activates the 
tube clamping device 8, while the other monitors the 
pump speed, air detector, manometer and the .weighing 
mechanismen, the other can also control the display. 
Alarm limits can be loaded and pread justed by means of 
keyboard functions. At start of the apparatus the pro- 
cessors or the computer can be programmed to run a self 
controlling test as wellas to carry out precontrol of 
the electronic components. 

The tachometer, mentioned, which can be arranged at 
the pumps, can e.g. be connected also to the other of 
the two microprocessors or computers. 
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CLAIMS: 

1. A hemodialyzer apparatus comprises an inlet (BA) 
for blood from an arterial outlet, such as an arterial 
cannula outlet, an outlet (BB) for treated blood to a 
venous inlet, such as a venous cannula inlet, a blood 
flow path with a blood pump (9), at least one pressure 
gauge (5,6) for monitoring the blood pressure, at least 
one air detector (7) for detecting air in the blood flow 
path and further comprising an artificial kidney or 
filtration device (14) , such as a filter column compris- 
ing at least one filter for passage of liquid, plasma or 
other substance from the blood supplied to the apparatus 
via the blood inlet (BA) , and at least one dialysate 
channel connected to dialysate outlet of the artificial 
kidney or filtration device and a receptacle (DM) for 
the dialysate, characterized in that the blood pump (9) 
in a manner per se is arranged infinitely variable, and 
that in the dialysis channel there is at least one dia- 
lysis pump (10; 11), arranged infinitely variable. 

2. A hemodialyzer according to claim 1, charac- 
terized in that there are two dialysis pumps (10,11) in 
the dialysis channel, arranged infinitely variable, the 
pump speed of the first pump (10) is adjusted to present 
a predetermined draw volume per time unit from the out- 
let of the artificial kidney or filtration device (14), 
and the other dialysis pump (11) is adjusted to supply a 
predetermined volume per time xmit of fresh or cleansed 
dialysate to the dialysis inlet of the artificial kidney 
or filtration device (14) for supply of dialysate to the 
passing blood. 

3. A hemodialyzer according to claim 2, charac- 
terized in that the dialysate from the first dialysis 
pump (10) is conveyed to a receptacle (DM) , such recept- 
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able (DM) being made of plastic sheeting, connected with 
a weighing mechanism (12) for weighing of the dialysate 
quantity, and that fresh or cleansed dialysate from a 
storage receptacle (DL) , such as a storage bag (DL) of 
plastic sheeting and filled with the dialysate, also 
connected with a weighing mechanism (12) , via the other 
dialysis pump (11) the output of which is adjusted de- 
termined by the two changing quanities - one reducing 
the other raising - being kept equal per time unit, or 
the liquid draw being kept at a higher rate than the 
liquid supply. 

4. A hemodialyzer according to claims 1 and 2, 
characterized in that the artificial kidney or filtra- 
tion device (14) is provided with filter for plasma- 
forese and/or plasma replacement, and that the other 
dialysis pump (11) is adjusted synchronously with the 
first dialysis pump (10) . 

5. A hemodialyzer according to claim 2, charac- 
terized in that the artificial kidney or filtration 
device (14) has one for the purpose suitable, such as 
plasmaforese. filtration providing, filter member, and 
that the first dialysis pump (10) supplies dialysate to 
an adsorption providing, such as immuno adsorption pro- 
viding, such as antibodies and cholesterol removing, 
filter member, from the outlet of the filter member the 
treated, possible further treated, dialysate is conveyed 
to the arterial inlet of the artificial kidney or fil- 
tration device (14) . 

6. A hemodialyzer according to claim 5, charac- 
terized in that the other dialysis pump (11) is in the 
dialysate flow path between the dialysate outlet of the 
treated, possible further treated dialysate and the 
dialysate inlet of the artificial kidney or filtration 
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device (14), and that the two dialysis pumps (10,11) are 
adjusted to work synchonously. 

7. A hemodialyzer according to claims 1 or 2, char- 
acterized in that artificial kidney or filtration device 
(14) is arranged to eliminate liquid, preferably water 
drawing, from the passing blood, and that the dialysate 
via the first dialysis pump (10), which is adjusted to 
pass a determined liquid volume per time unit, is con- 
veyed to a receptacle (DM) , such as a receptacle (DM) 
connected with a weighing mechanism (12) for determina- 
tion of received liquid volume, preferably a receptacle 
(DM) of plastic sheeting. 

8. A hemodialyzer according to claims 1,2,3,4,5,6 
or 7, characterized in that in the blood flow path there 
is a shut off valve (8) , such as a tube clamp, which 
controllingly is in connection with the air detector (7) 
and is closed by this (7) , when presence of an air 
volume is detected, above a predetermined maximum. 



9. A hemodialyzer according to claims 1,2,3,4, 
5,6,7, or 8 characterized in that weighing mechanism 
(12) for the receptacle (DL) with preparation is ar- 
ranged with an alarm device (13), giving alarm for an 
outlet quantity, which is below a predetermined quanti- 
ty, which should be conveyed to the dialysate flow path 
per time unit. 




SUBSTITUTE SHEET 



wo 92/11878 



?CT/DK91/00407 



2/2 



O 
LU 

in 
coi 



LU 
CO 

Q 
O 
O 
_J 
CO 



i 

LU 



o 

£L 
D 



CL 

to 



O UJ 

cro 
oocr 

^ Q.CO 
Tir- 



< 

Q 

Q 
< 




LLlLUf-S: 

}-i-oo^ 



I. 



LU UJ <^ 



t/) 

C/) 

QCL 



CSI 




SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT 

Intonniianal Application Ho PCT/DK 91/00407 



1. CLASSIFICATION OF SUBJECT MATTER (If SMnl clasilftcation tymfaoli «pply. Indicate all}» 


According to Inttroatlonal Patsnt aasiiflealloa (IPC) or to both 

IPC5: A 61 M 1/00, 1/14 


National aaaaifleatlon and IPC 




11. FIELDS SEARCHED 






Minimum Oocum 


entallon Saaiched' 




aasaificitioii Syttem 


aaaalfteation Symbola 


IPCS 


A 61 M 


Documanlatlon Saarched other than Minimum Documentation 
to the Extent that auch Documenta ara Included in Fields Searched^ 


SE,OK,FI,NO classes as above 


in. DOCUMENTS CONSIDERED TO BE RELEVANT* 


Category * 


CitaUen of Daeumtnl,li with Indleallon, vrtitra appropriita, of ttia ralavanl paasageal* 


Ralavanl ta Claim Ho." 


Y 


DE, Al. 3019353 (INSTRUHENTARIUM OY) 
4 December 1980, see figures 1,2 


- 1-3 


Y 


DE, C, 112601 (MEDAC GESELLSCHAFT FuR KLINISCHE 
SPEZIALPRXPARATE MBH) 20 April 1975, 
see page 2, column 1, line 13 - 
line 22; page 2, column 1, line 59 - 
line 61 


1-3 


Y 


EP, Al, 0122604 (FRESENIUS AG) 24 October 1984, 
see figures 1-2 


1-2 


Y 


GB, A, 2106993 (PRIMMER AND CO, PHARMAZEUTISCHE 
WERKE ERLANGEN GMBH) 20 April 1983, 
see page 1, line 74 - line 78 


1-2 


« special categories of cited documents: « ^ ^•l«r.«JoF«'3«St publt«l>ed after the International flllno date 
'A' document defin ng the oeneral itate of the art wtilch Is not °r.£r?''"y 5*^4*"^ not livconilict with the apoilcatloft lul 
considered to be of perficular ralmnee f {P undentand the principle or theory underiying the 

ffl/ll•i^ff^"""''•"''*"*"•*^«»®«■•"•^•hernte^laUonal -i . . ...... 

filing date 'X' doeumeni of Mrtlciilar relevance, the clelmed invention 

^ SiWmRJi'f '""ly !h^.^°"^*f .P" flHority cla m(a) or Involve anlnvenUve step 
which la cited to eiublfsh the pubtrcation date of anMher ^„ 

citation or other apecfal reason (as spedfled) 'Y' document of particular relevance, the claimed invention 

cannot Im conaidered to involve an inventive atep when the 
*0' document referring to an oral dlsdosura. use. exhlfalllon ar document Is combined, with one or more other auch docu- 
other meana ^ ^ •wiioiuun or [S'hSaS obvloua to a peraon aUlled 

'P* document publlahad prior to the fntefnatlonat filing data but 

Tatar than Die prfoHty date clamed 'V document member of the same patent family 




Date 01 the Actual Completion of the International Search 

9th April 1992 


Date of Mailing of this tntemallonal Saaroh Report 

•1992 -04-13 


International Searching Authority 

SWEDISH PATEMT OFFICE 


Slonatura of Authorized orriccr 

Inoer Lofanen 



# m 



IntunstloQat Applicalhui No. PCT/DK 91/00407 



1 III. DOCUMENTS CONSIDBIED TO BE RaEVANT (CONTINUED FROM THE SECOND SHST) 


1 Category 


' dtelion of DocumanI, with Indication, wtiora appnpriato* of Uib ralavant passaoaa 


Relmollo Clatm No 


Y 


EP, Al, 0343267 (CD MEDICAL INC) 
29 November 1989, see figures 1-3 


1-2 


Y 


US, A. 4781548 (RICHARD K. ALDERSON ET AL) 
11 January 1988, see column 7, 
line 42 - line 54 

■ ■ — 


1-2 


A 


OE, Al, 3909967 (FRESENIUS AG) 27 September 1990, 
see the whole document 


1-9 


A 


SE, B, 452021 (QAhBRO LUNDIA AB) 
9 November 1987, 
see the whole document 


1-9 



Foni PCT/ISA/ZIO (extra ahMt) CJanuiry I985J 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO.PCT/DK 91/00407 



This annix lists the patent family mamlMn relating to tha palani doeumtnts etttd In lha itovs-mtnlloiwd Inlarnatlonal anrch raport 

Tha membari ara as conUlnsd In tha Swedish PatanI orrtca EDP flla on 28/02/92 

Tha Swediah PatonI orflco ia in no way llahU for thtsa partleulan which ara manly glvra for ttia purpoaa of Infonnallon. 





Patint daewiMnl 


Publication 


Patent family 


PubllcatioR 
dais 


cited in aaaich report 




member(a) 


DE-Al- 


3019353 


80-12-04 


R-A- 


2457695 


80-12-26 








GB-A-B- 


2052303 


0 1 U X CO 








JP-A- 


56023962 


81-03-06 








SE-A- 


8004072 


80-12-02 




112601 


75-04-20 








EP-Al- 


0122604 


84-10-24 


DE-A-C- 


3313421 


OH- lU CO 








DE-A- 


3472756 


88-08-25 








JP-A- 


60041972 


85-03-05 








US-A- 


4711715 


O/ uo 


Bd~A- 


2106993 


83-04-20 


CA-A- 


1188392 


85-06-04 








DE-A-C- 


3138267 


83-04-21 








JP-A- 


58065171 


OO U*fr lo 








SE-B-C- 


445975 


86-08-04 








SE-A- 


8204800 


82-08-23 








US-A- 


4487604 


84-12-11 


EP-Al- 


0343267 


89-11-29 


EP-A- 


0377577 


90-07-18 








US-A- 


4747950 


88-05-31 








WO-A- 


89/11320 


89-11-30 


US-A- 


4781548 


88-01-11 


US-A- 


4846637 


89-07-11 


DE-Al- 


3909967 


90-09-27 


EP-A- 


0389840 


90-10-03 








JP-A- 


3041964 


91-02-22 


SE-B- 


452021 


87-11-09 


EP-A-B- 


0069247 


83-01-12 








JP-A- 


58015865 


83-01-29 








SE-A- 


8104146 


83-01-04 



